Chloroquine Restores Ganglioside Homeostasis and Improves Pathological and Behavioral Outcomes Post-stroke in the Rat.
Perturbations of ganglioside homeostasis have been observed following stroke whereby toxic simple gangliosides GM2 and GM3 accumulate, while protective complex species GM1 and GD1 are reduced. Thus, there is a need for therapeutic interventions which can prevent ganglioside dysregulation after stroke. A pharmacological intervention using chloroquine was selected for its transient lysosomotropic properties which disrupt the activity of catabolic ganglioside enzymes. Chloroquine was administered both in vitro (0.1 μM), to primary cortical neurons exposed to GM3 toxicity, and in vivo (45 mg/kg i.p.), to 3-month-old male Wistar rats that underwent a severe stroke injury. Chloroquine was administered for seven consecutive days beginning 3 days prior to the stroke injury. Gangliosides were examined using MALDI imaging mass spectrometry at 3 and 21 days after the injury, and motor deficits were examined using the ladder task. Chloroquine treatment prevented ganglioside dysregulation 3 days post-stroke and partially prevented complex ganglioside depletion 21 days post-stroke. Exogenous GM3 was found to be toxic to primary cortical neurons which was protected by chloroquine treatment. Motor deficits were prevented in the forelimbs of stroke-injured rats with chloroquine treatment and was associated with decreased inflammation, neurodegeneration, and an increase in cell survival at the site of injury. Chloroquine administration prevents ganglioside dysregulation acutely, protects against GM3 toxicity in neurons, and is associated with long-term functional and pathological improvements after stroke in the rat. Therefore, targeting lipid dysregulation using lysosomotropic agents such as chloroquine may represent a novel therapeutic avenue for stroke injuries.